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Booster & Extraction Layout
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D-magnets at Extraction Region in Long 3

Extraction Region in Long 3: 3 // D magnet & 8GeV Extraction Pipe

Dmagnts; 4 dogleg magnets;
Corr.Package; Septum 7

external height of D magnet is restricted by 2.5deg-curve
Septum: BSE104-0; Drawing No. ME-412051; Alignment 5/22/2008




Previous talk in Dec-2019 (BD-7875)

V.K.“Requirements for a New D-magnet derived from MADX simulations”

New D-magnets in Booster extraction area — near Long Straight Section L03.
Multi-particle simulations with MADX @ 8 GeV, 95%-Enorm = 16 pi*rmm*mrad.
Assumption — vert. position of circulating beam before extraction Y=0 (on axis).
Simulations results suggest significant beam losses on the upstream F-magnet.

Motivation of the present study —> evaluation of orbits:
1) at the last full turn (w/o kickers) and

2) extraction trajectory (kickers=on)
=> Feed multi-particle simulations of losses
to verify aperture requirements & need for F-magnet
Conditions: no fresh survey, no reliable assembly drawing, no design & simulation
data/results for present configuration; only some old non-systematic info&reports and
guesses about loss location (via BLMS).

D.Johnson. High-losses by BLM at D exit; several new magnets: A
BGMD; BGMF; BGDS; BGDW (extract. a-?; L=?) — this study




Info & conclusions in previous talk (BD-7875)

“Requirements for a New D-magnet derived from MADX simulations”

» Collected info available for Extraction region in Booster Long 3
(photo on servers; visit in Boo tunnel; previous meeting docs on new D-
magnets, discussions with people involved, review Rookie books and old
publications, finding available drawings and take detail sizes)

» Derived necessary geometrical (septum & magnets boundaries) and
operational parameters (e.g. kicker voltage, vertical shift, etc.)

» Analyzed the Ejection System in 1968 Design report: additional kick
between F-magnets; larger 24”x16” magnets was designed with full gaps —
2.5"(D), 2.0"(F) — with published specs (!) (+drawings ?)

» Conditions and tasks for MADX simulations with PIP-Il emittances

» Dependences for Losses vs increase of magnet gaps presented:
losses distributed on D-magnet and the exit of F-magnet. To remove losses
new D & F magnets with >5mm increased Y2-gaps are needed

V.Kapin, New Dmagnet, Jul-2020 5



New D-magnet — tasks & info in old docs

W.Pellico, “Boo D magnet for PIP 2 ...” BD-5942-v2, 2017:

New Vertical Aperture > present magnets (VK: 2.25"). A working
specification - the new gradient magnet will be between 2.5” and 3”.

K.Seiya in BD-5936-v2, 2017: => Short D magnets: Preserve symmetry
Long Straight 7/

—

/7~ DMAG | omac  |q

Long 3 /
FMAG .

C.Bhat, BD-7088-v2, March, 2019:
»F.R. for three wide aperture D-magnets at 8 GeV extraction (installation
of the two D-magnets). This upgrade is to reduce losses at extraction.

»Currently (PIP@15Hz), radiation level @extraction ~600 mR@1ft -
from scraping of transverse beam tail passing through the D-magnets.

»Losses will go up ~33% for PIP-Il@20Hz). New D-magnet (2.25"-> 37)
=> peam loss can be reduced by ~ 33%.
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Example of Trajectories (CPS02=on&up; BD-7875)

Assumption: the circulating beam is placed exactly on the Booster axis !!!
Five kickers at 8%-reduced PFN voltage Vpry = 0.92 X 48kV
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Very similar to curves in 1968 Design report y(sept)=23.5mm
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Equal losses on both D (11%) & F(11%) !? -> realistic extraction trajectory needed



Collected Data (from Plots before Shutdown)

mmE  Salah plots “Charge, BEXn, Losses "=> scales:
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MADX (last turn). BEX(1.2&0.94)=on; CP=off

W/O BEX calibration — Y [m] MADX Var"A01" [J Y [m] MADX {@BPMj} Var"A01"
H = Septum position ® Y [m] MADX {@Sept} Var"A01"
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MADX: BEX(1.2&0.94) + match all BPMs

W/ approx. plot's data [ o (e
L~ BPM positions A Y [m] MADX {@Vkicker} Var"A01/B01"
EE Y [m] meas @100 turns before Extr  -==--- Y [m] MADX Var"A01"
Positions of beamline elements I QY [m] MADX {@BPM) Var'A01/801"
CP: S24 Lot S01 Loz S02 CPI£3 < S03 LO4 R MADX match:
5 o e TR T TN eBes T e A Constraint -
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20 [ f —
' ; | ; ; ; | e.g. | (VSO2)=108A1!?
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MADX: BEX + match @ Y(LU3,L03)->I (S02,L03)

W/ approx. plot’s data

Positions of beamline elements

——— Scptum position
43— BPM positions

EE Y [m] meas @100 turns before Extr

Y [m] MADX Var"A01/B0O3"

—h— V-kickers positions
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® Y [m] MADX {@Sept} Var"A01/B03"
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Use more systematic Data (B38 2-MAr2020)

Jeff Eldred e-mail: If you just want to work with data without pings, there are some choices:
Mar2 2020 https://www-bd.fnal.gov/userb/booster/turnbyturn/turnbyturndata/TBT_Mar2_HEP_NoPing_6t_1.txt
NUMBER OF TURNS 20000 BEGIN TURN: 1 CYCLE: 17 MICROTIMESTAMP: 03/02/20 15:45:29

Jun18 2019 https://www-bd.fnal.gov/userb/booster/turnbyturn/turnbyturndata/TBT _Jun18 HEP_Nping_6t.txt
NUMBER OF TURNS 20000 BEGIN TURN: 1 CYCLE:17 MICROTIMESTAMP: 06/18/19 16:35:27

Marl8 2019 https://www-bd.fnal.gov/userb/booster/turnbyturn/turnbyturndata/TBT_Marl8 noping HEP_4t.txt
NUMBER OF TURNS 20000 BEGIN TURN: 1 CYCLE:17 MICROTIMESTAMP: 03/18/19 10:14:35

2-Mar-2020 =OK ! BAD “18Mar2019.txt” (“-33mm”, “1000mm”, etc) for 056 VSTU3L.dat” upstream SEPTUM

20200227_BEX4(&2)_time_&_|_A

[—BExeas A —BEXS, Al Digitizing Salah plot “Charge, BEXn, Losses”=>

10 T . — 5 — . —

5 = = .
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Fop TN
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0 e RN V i Time,ms =350 ~3543 ~3551 ~3559 ~35.67 ~20,150

s BN RRRER RN RN N| NS ) Turn # ~19,526 =19,800 =19,850 =19,900 =19,950 =36.0

| ' T T ime, ms 1
20 -

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Booster dipole correctors use eight breakpoints tgp[0]="2 ms”(=2.4 ms exactly), tgp[1]=3 ms,

tep[2]=6 Ms, tgp[3]=10 ms, tgp[4]=20 ms, tgp[5]=32 ms, t5p[6]=36 ms, tgp[7]=60 ms.
V.Kapin, New Dmagnet, Jul-2020 13



“Strange” bump @Iast 100 turns

20200715_Data_bpms_TBT_02Mar2020
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MADX (last turn): BEX(1.2&0.94)=on; CP=off

W/ BEX calibration — Y [m] MADX Var"A01" [0 Y [m] MADX {@BPM} Var'A01"
tuning on BPM03 B Septum/Collim position @® Y [m] MADX {@Sept/Coll} Var"A01"
{7} BPM positions —A— V-Kickers positions

Positions of beamline elements E} Y [m] meas@ 19950#Extrapol#2Mar20 A Y [m] MADX {@Vkicker} Var"A01"

Y [ .
™l - R s "1} Use shifted
il .
L - ~A7 1 MADX lattice
. —
NG 1 /‘h Start @ Short1l
0.005 -+ i FATNC A For future use
--of MKS in L12
\
-0.01 Napw-
S,m
-0.015 BN
260 270 280 290 300 310 320 330 340
Here, S = position for used here "shifted lattice” (started @S711),; Origin of PIP-l MADX lattice: S(start_1)=256.860m
L02 FNAL Booster (Extraction - Cells 02-03) sy LO3
Vkﬁékérs IBEX02 ~ CPLO2 LPo0z (BSSEEPT03> i
DMAGU02 DMAGDO2 |—{ FMAGD02 FMAGUO3 [|DMAGUO3|{ -} ——F— DMAGD03 15
MKS02 MKSO02 | | MKS02 MKS02




Y [m] MADX Var"A01&BO01" ® Y [m] MADX {@Sept/Coll} Var"A01/B01"
B Septum/Collim position —h— V-kickers positions
2-|\/|al’-2020 838 data 43— BPM positions A Y [m] MADX {@Vkicker} Var"A01/B01"
EE Y [m] meas@ 19950#Extrapol#2Mar20  ====== Y [m] MADX Var"A01"
Positions of beamline elements {3 Y [m] MADX {@BPM} Var"A01/B01"

S01 102 | sS02 | CPLO3 03 LO4 04
4xMKST* i | - BEX03 EXO MADX match:
BEXO = septiuml-BPMO3-—] 7 Constraint -
i ] All Y (BPMs):
Y W
0 -~ . ~a. VARY —allVSnn
L., ...‘ EE Ha' / - . iy
-0.005 ] /#@: ‘ ,ﬁ ,T':ﬂ'-- -
001 R e O Calibration good?
|, Amps(S01, LO2)
S m
-0.015 _ 5
260 270 280 290 300 310 320 330 340 Y@Septa—'Smm !
Here, S = position for used here "shifted lattice” (started @S11), Origin of PIP-I MADX lattice: S(start_1)=256.860m
T e | |

Huge currents,
e.g. | (VSO2)=80A!?

= | [AACHNET]meas @ Extr t[E]=36ms
60 | e | [AACNET] =l [A, MADX)0.024 Var-A01/801"

2:“-""”'*”””'“”'”“”j’;ﬁf:}E.Prebys,zooes:
20 r-—‘i‘< O 0.5mrad
-40 Sm | ~40A 16
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MADX: BEX + match @ w/o BPMLO3

Y[m] MADX Var"A1&B0O1woBPNMLO3" [ ] Y [m] MADX {@Sept/Coll} Var"A01/BO1a"
2-Mar-2020 838 data Bl Septum/Collim position —h— V-kickers positions
< 3— BPM positions A Y [m] MADX {@Vkicker} Var"A01/B01a"
Y [Mm] meas@19950#Extrapol#2Mar20  -—-—-—-- Y [m] MADX Var"A01"
Positions of beamline elements Y [m] MADX {@BPM} Var"A01/B01a"

- Sf: i | o {]_é 11 MADX match:
_BEXa ‘ Constraint -
EER pm All'Y (BPMs),

Y [m] Al - i
p < — 25< Except BPMLO3;

- L -
-.____‘ = - - . o=
S| e A VARY —all VSnn
-0.005 1l — -. . - Bl N -7
| JE Y
7N -
-0.01 i Y@Septa—-Bmm
S, m
-0.015
260 270 280 290 300 310 320 330 340
Here, S = position for used here "shifted lattice” (started @S 711), Origin of PIP-I MADX lattice: S(start_1)=256.860m
100  p L ¢ 1 | A S O T O T T T N O S S N !

Huge currents,
e.g. 1 (VSO2)=100A!?

— | [A ACHMETImeas. @Extr 1{6]=36ms

80 —lie— | [A ACNET] =1 [A, MADX]0.024 Var-A01/B01a" []

40 i
20 - Some |,Amps good
0 ]

20 E.Prebys, 2006:

-40 S,- - ' Imaxz4OA 17
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MADX: BEX + match @ w/o BPMS03

Y[m] MADX Var'A1&B01woBPMS03 ® Y [m] MADX {@Sept/Coll} Var"A01/B01b"
Z_Mar_zozo 838 data W Septum/Collim position —h— V-kKickers positions
{3} BPM positions A Y [m] MADX {@Vkicker} Var'A01/B01b"
Y [m] meas@19950#Extrapol#2Mar20  ====== Y [m] MADX Var"A0o1"

Positions of beamline elements Y [m] MADX {@BPM} Var"A01/BO1b"

i= b 3 [BEx0s - _ 1] MADX match:
: e il B : Constraint -

Y [m] \\‘4@ : All'Y (BPMS),

N ] § /[ =777 Except BPMS03;
HL A VARY - all VSnn

0,005 i : T . .
- 1@ . /
.__.‘ H_- '
0.01 L Y@septa=-4mm
¥4
w S, m
o010 260 270 280 290 300 310 320 330 340
Here, S = position for used here "shifted lattice” (started @S17117); Origin of PIP-I MADX |attice: S(start_1)=256.860m
250 [ 1 I T I 1 1 | I I | | | | T T T 1 1 T T T T 1 T Y
t ! - i - ! | 5 : 5 ] A — : — Huge currents,
= | [A ACHNET]meas @ Extr t[6)]=36ms i 1 1 1 | 1 1 1
200 —— | [AACNET] =1 [A, MADX])0 024 YVar ' A01/B016™ | / eg . I (VSOZ):].OOA |’>
150 H L1 1 - L I I I I L1
100 Some |,Amps are good,
50 Let’s use them !?
0 ——
&0 // | E.Prebys, 2006:
-100 S m Imaxz4OA 18
190 260 270 280 290 300 310 320 330 340 amaxzosmrad



MADX: BEX + Y(LU3,L03)->I (S02,L03)

Y[m] MADX Var"A1&B03" ® Y [m] MADX {@Sept/Coll} Var"A01/B03"
Bl Septum/Collim position —h— V-kickers positions
Z-Mal’-zozo 838 data {}— BPM positions A Y [m] MADX {@Vkicker} Var"A01/B03"

Y [Mm] meas@19950#Extrapol#2Mar20  ====== Y [m] MADX Var"A01"
Positions of beamline elements Y [m] MADX {@BPM} Var"A01/B03"

MADX match:
| BEXO a SPMOST— ‘ | Constraint -
‘o 4 ~ AllY (BPMs),
p - 7 253 Except LU3, LOS;
AN == ;A; - P VARY — all VSnn,
-0.005 | y AN A EXCGpt S02, LO2

using I, amps ->

-0.01 T4 H
Kick-angles !!!
S, m
-0.015 I
260 270 280 290 300 310 320 330 340 _
Here, S = position for used here "shifted lattice” (started @S117); Origin of PIP-I MADX lattice: S(start_1)=256.860m Y@ Septa_ 9m m
A0 : S [ S S (S S S S S —(—— [ S _— — ' : | | ' E I ' L] | — : ' I j
T - = | [A_ACNETmeaeas. f@Extr tf6]=36ms 1 T 1 | I 1 — 111 1 f
30 [ —aic— [AACNET] =1 [A, MADX}0.024 Var A0 1/B03" Sl e e
== - = == - —+ No huge currents, but

mf\\ -
NgiEsE: SN % T Eprebys 2008
P T lne™80A 19

=30 ¢ ! ! ! ! . ! — | —1 : S m ~
- i E A A i i i i i i i i i i ' i i i | i i i i | A i i i i i i i | A i i i - D amax~0.5mrad

2860 270 280 290 300 310 320 330 34

"-.. —— 1 I,Amps not perfect




Calibration “Kick-angle=f(lamps)” around Booster

2-Mar- 2020 B38 data

:’Tri] | - H— Y [m] measdn19950#Extrapol#2Mar20 1'~~4-'[|-.-|]
ow | FaN ;-,
L VI {\ ! - '
o /A"‘h l/\\ | \ - | f\) J'n \:
\ I L \ §AN i \ } \

/ vV

-0.004 ¢ 1 |
N U L
-0.008 iV
v
0012
0 100 200 300 400 S[m]
120 I
I A ACNET] | | 5 | [A, ACNET]meas. @Extr {5]=36ms —&— | [A, ACNET(MADX) |
80 - I 1 T b 1 | e~ p— .
L . [ | | | | | - | ] | ] |
“e } - H— H
AR PN = SR e LY TALY AR N VA P A
o H e [ ie] e F T = A 5 ko e S Y
i | i oats AN P T N | E e
A& - - — i -
-0 Y
h 7 S - i
I A
120
a 100 200 300 400 S [m]

It looks to be not suitable

| For Global matching
| around Booster BPMs
| (errors accumulated)

1 It could provide some
| Guess-values and

| should be considered

i For local matching in

restricted area

| Further exploring on
] Other areas could be
| checked

| (e.g. collimators)
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Conclusion

MADX simulations shows that the last turn extraction orbit is
quite different from 1968-report and from our previous
simulation Y=0 (BD-7875).

The last turn orbit near Septum is probably located under
Booster axis in the range [-3;-13] mm.

Use of kick-angles derived from CP’s |,amps instead of Y-
cords (BPM measured) for CP-kickers near septa (via CP
calibrations) suggests the last turn orbit to be equal ~-9mm

Probably, it may lead to reduction of large beam losses on F-
magnet reported in our previous report. It will be tested with
further MADX multi-particle simulations

Usage of CP currents instead of measured BPM’s Y-
coordinates might be used locally in some restricted areas
for MADX-matching

V.Kapin, New Dmagnet, Jul-2020 21
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Task setup: Septum & D-magnet cross-sections

T T T "V Beam trajectory ~ parallel
— | Between D-magnets and

— 1 Septum (see next)
5 kickers @48kV
S p— 3 variants of D-magnets:
0 Gp={2.25";2.607;3.07}

A

-—

-—

mm/1.30"
e 1,18 "

\ Percentage of particles is
(0]
T o N 1-exp(-n/2), where n=g/g,mg
oo} rms 2 e Nig o) .
N 95% # e a ¥ _
Ll i Wl ‘v\‘  E(95%) xsy.8cev=16mmmmrad

szesatsepta  Septum position ~12mm found:
a) Assembly drawing by J.L.

l'¢ \

i Q/P//Séf b) Septum drawings

100%

(see supporting slides @ end)

¥\
b3 //

-

D-magnet & Long(Septa):
G.mm rms 95% 99% 100%
y(D&L):2.4 5.9 7.2 9.0
x(D): 2.6 5.6 6.8 8.4
x(L): 1.9 3.8 46 5.6

5710 mm /225" p = = = = =

120 mm /05"

Assumption: the circulating
beam is placed exactly on
the Booster axis

Possible scraplng of the beam particles in tail region 23



Specification for new D & F magnets BD-7875

Assuming the placement of the circulating beam exactly on the Booster axis,
MADX simulations lead to the following results for new D & F magnets:

* To exclude losses on D & F magnets located upstream of the
septum, the new D & F magnets with at least 5 mm
Increased half-gaps (or +10mm full-gaps) are needed

* Curves for beam losses vs half-gaps could be used if
magnets with smaller gaps will be designed.

« The already established “safety gaps™ ~2mm; their increase
will lead to a corresponding increase of full gaps

« External height of D magnet is restricted by 2.5deg-curve
formed by the extraction pipe. => D magnet with increased
height must be shorter. Its length is limited by the relation:

Lrew < Loig~ (Nrew - Hoi)/t9( @), where o=2.5deg~0.044, | and L are the D-magnet
length, h and H are the external D-magnet heights.

Example. Old H=13" —> new h=16" => old L=3m -> new 1.3m - too short!
V.Kapin, New Dmagnet, Jul-2020 24



Extraction parameters found in References

~30~ M-405
. ‘0300

1973: Hubbard report.

=\ertical apertures: G=1.64"[41.7mm]; G5=2.25"[57.15mm];

= Betatron phase shift A(1)[kicker-center; septum-lip]~93deg;
»1.1mrad (0.063deg) kick produces d6y=23mm @septum;
=Fast kicker consists of 4 sections; Vpce.jine(Max)~ 75kV;

»Septum (old “circle” design) deflects beam vertically 44mrad [2.52deq];
", thickness (“Cu+Fe”)~ 0.09"[2.3mm]

=Septum -15mm above center; gap=1.1"x1.1

CODLING WATER TUBES

%

1977: Cosgrove PAC-report.

FIBERGLASS
EPOXY
INSULATION ———_

1979: Brown PAC-report.

\"t-\"b.\\m\“

*(Septum)...
V.Kapin, New Dmagnet, Jul-2020

15 —

I

|=z.2§Jr 2.5 -]

5

|

175~

FlaurE C-2

» Septum is 60” long; the magnet gap=1.1"x1.57;

1125 —
|
i

e g"._.—r— 375

*A new (Septum) magnet...operated well over 18 month;

*Septum deflects beam vertically 44mrad [2.52deq];

1 Turns

‘|’»2.25 B

MAGNET CROSS SECTION  DIMENSIoNS  (meH)

‘tune v,,;~6.8 @ periodicity 24, Ad.~0.283 (2r) [~101.88°]

L3 is 15 cells away from L12: Ad~4.25 (27) [~90°]=>
maximum displacement is from the kicker in L12

the present 44 mr (2.52deqg) angle.

25



Extraction parameters found in References

1993 & 2004: Boo Rokie book.
=At nominal voltage 4 kickers produce a bend angle of a bit >1 milliradian (RB-2004);

»the orbit of circulating beam is located ~10 mm below the septa plate (RB-2004);

»to kick the beam into center of septum field, we need ~30 mm vertical displacement;
»Booster extraction kickers have voltages that run in the 55+60 kV range;

*The septa plate lies close to the vertical centerline (approximately 10 mm above).

2004: Boo Rokie Book.
*There are four kickers at long 2; They displaces the beam upward about 25 mm before the
beam reaches the septum at the next long straight section

*Septum -> 44mrad [2.52de(]

L.3 or (1.13) Extraction figure 7.1 VBC1 (or MLO1)
PULSED SEPTA
FOUR KICKERS MPO2 (or MPO1) .
________
I S ——
— P = ————
k06 L 1 L L1
1 mk08
(oD (D pexs (ke (i oG 1 DOG3 BEX 1) BEX 13
I (BEX 13) I I(DOG 13) (DOG 13) K
I T T

LONG 2 (or Long 12) LONG 3 (or Long 13) LONG 4 (or Longl4)

1995: Lackey note. Assuming a septum thickness of 5 mm
2009: Boo Rokie book. It repeats the above parameters from RB-1993&2004

2002 New Septum MP02 Requirements. Good field region: 1”7 square beginning

0.04”[~1mm] from septum conductor
Kapin, New Dmagnet, Jul-2020 26




Photo BSE magnets at TD

https://www-tdserverl.fnal.gov/Project/ProEng/MagnetPhotos/pics.asp?gsPath=BSE
It looks that five 5 septum with No “BSE102 - BSE106”
correspond to Drawing No. ME-412051

The presently used BSE104 has only two photos dated 5-Jan-2004
while BSE106 has photo dated by 20040324

Many photo (dated by 16/July/2002) of the particular BSE102
(already used in Booster operations and now stored in the Boo tunnel)

V.Kapin, New Dmagnet, Jul-2020 27
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Example. Taking sizes from drawing
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input flange center
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[4.76 mm]
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LO3 Assembly ~2008 by J.Lackey

«— 17.177 47

—>

PDF file
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Kiyomi
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